Kit ligand (KL) is a survival factor and a mitogenic stimulus for differentiating spermatogonia. However, it is not known whether KL also plays a role in the differentiative events that lead to meiotic entry of these cells. We performed a wide genome analysis of difference in gene expression induced by treatment with KL of spermatogonia from 7-day-old mice, using gene chips spanning the whole mouse genome. The analysis revealed that the pattern of RNA expression induced by KL is compatible with the qualitative changes of the cell cycle that occur during the subsequent cell divisions in type A and B spermatogonia, i.e. the progressive lengthening of the S phase and the shortening of the G2/M transition. Moreover, KL up-regulates in differentiating spermatogonia the expression of early meiotic genes (for instance: Lhx8, Nek1, Rnf141, Xrcc3, Tpo1, Tbca, Xrcc2, Mesp1, Phf7, Rtel1), whereas it down-regulates typical spermatogonial markers (for instance: Pole, Ptgs2, Zfpm2, Egr2, Egr3, Gsk3b, Hnrpa1, Fst, Ptch2). Since KL modifies the expression of several genes known to be up-regulated or down-regulated in spermatogonia during the transition from the mitotic to the meiotic cell cycle, these results are consistent with a role of the KL/kit interaction in the induction of their meiotic differentiation.
Results and discussion
The kit tyrosine-kinase receptor and its ligand, (KL) are essential for the maintenance of primordial germ cells (PGCs) in both sexes. However, kit is known to play important roles also during post-natal stages of spermatogenesis (Sette et al., 2000) . In the adult testis, the kit receptor is expressed in differentiating spermatogonia, but not in spermatogonial stem cells, whereas KL is expressed by Sertoli cells under FSH stimulation in both a soluble and a transmembrane form, which are generated by alternative splicing (Rossi et al., 1993) . The soluble form of KL stimulates DNA synthesis in type A spermatogonia cultured in vitro, and injection of anti-kit antibodies blocks their proliferation in vivo (Rossi et al., 1993; Packer et al., 1995) . A point mutation in the kit gene, which impairs KL-mediated activation of phosphatydilinositol 3-kinase, does not cause any significant reduction in PGCs number during embryonic development, nor in spermatogonial stem cell populations. However, males are completely sterile due to a block in the initial stages of spermatogenesis, associated to abolishment of DNA-synthesis in differentiating A 1 -A 4 spermatogonia (Blume-Jensen et al., 2000; Kissel et al., 2000) . With the onset of meiosis kit expression ceases, whereas a truncated kit product, tr-kit, a candidate sperm factor acting in egg activation at fertilization, is specifically expressed in post-meiotic stages of spermatogenesis (Sorrentino et al., 1991; Sette et al., 1997) . Other Sertoli cell-secreted growth factors known to have direct effects on spermatogonia are glial cell line-derived neurotrophic factor (Gdnf), which acts on self-renewal of spermatogonial stem cells and inhibits their differentiation (Meng et al., 2000) , and bone morphogenetic protein 4 (Bmp4), which has both a proliferative and differentiative effect on these cells, in which it stimulates kit expression (Pellegrini et al., 2003) .
We have previously shown that in vitro addition of soluble KL to kit expressing A 1 -A 4 spermatogonia from prepuberal mice stimulates their progression into the mitotic cell cycle and significantly reduces apoptosis in these cells (Dolci et al., 2001) . However, it is not known whether, besides stimulating cell divisions and survival, KL also plays a role in the differentiative events which lead to meiotic entry, i.e. the transition from type B spermatogonia to primary spermatocytes, even though it has been reported that mouse germ cells cocultured with the 15-P1 cell line, expressing the transmembrane form of KL, can undergo transmeiotic progression in culture, whereas the soluble form of KL was reported to antagonize this effect (Vincent et al., 1998) . Up to now, the only agent which has been postulated to have a (direct or indirect) role in the induction of meiotic entry is all-trans retinoic acid (ATRA) (van Pelt and de Rooij, 1991; Bowles et al., 2006; Koubova et al., 2006) . Interestingly, Wang and Culty (2007) have recently found that ATRA stimulates kit expression in prepuberal spermatogonia. In order, to clarify whether kit, besides stimulating spermatogonial proliferation, also plays a direct role in the differentiative program at the onset of spermatogenesis, we performed microarray analysis of the variation in gene expression induced by a 24 h treatment with soluble KL of cultured spermatogonia from 7-dayold mice, a cell populations which is highly enriched in kit expressing cells.
The composition of the cell populations used for each RNA extraction was routinely evaluated by morphology and immunocytochemistry, as indicated in Section 2. The spermatogonial population purified from testes of 7-dayold mice consisted mainly of type A 1 -A 4 , intermediate and type B spermatogonia together with spermatogonial stem cells, and was contaminated by less than 5% of somatic cells, whereas germ cells in the meiotic prophase were virtually absent, in agreement with previous reports (Pellegrini et al., 2003; Dolci et al., 2001) .
Spermatogonia were incubated for 24 h in the presence or absence of 100 ng/ml soluble KL. At the end of the incubation complementary RNAs (cRNAs) were prepared from the two different cell populations and hybridized with commercially available mouse Genome 430 2.0 GeneChip probe arrays (Affymetrix Inc.), containing 45,500 known mouse genes or EST sequences, and thus spanning approximately the whole mouse genome. The analysis was performed on duplicate chip arrays, using cRNAs from two different RNA pools, each obtained from two different culture experiments. Analogous experiments were also performed with other two agents known to be active on spermatogonia, i.e. Bmp4 (100 ng/ml) and ATRA (0.3 lM). The entire set of raw and normalized are available in the Array Express public repository at http:// www.ebi.ac.uk/arrayexpress. (Accession No.: E-MEXP-1126).
In statistical analysis, only genes with detection parameter P in both duplicates for one of the two compared conditions (KL-treated and untreated cells) were taken into consideration, and in the subsequent comparative analysis only genes with change parameter I or D in both duplicate experiments were considered. We established a change in gene expression level between treated and untreated cells to be significant only if exceeding 1.5-fold up or down in both experimental duplicates. We chose this relatively low threshold considering that the cell population in the testis of 7-day-old mice is heterogeneous, i.e. approximately 50% of the spermatogonial population is expected to be KL-responsive, based on the percentage of kit-positive cells determined in spermatogonia isolated from 8-day-old mice (Prabhu et al., 2006) .
We reasoned that the genes found to be up-or downregulated by KL treatment assume significance especially when considered not as single genes, but as groups of functionally related genes, even though showing small quantitative changes in their expression level, since small but coordinated changes in gene expression have been shown to clearly distinguish biological phenotypes (Mootha et al., 2003) .
Analysis of the data revealed that the transcripts up-regulated at least 1.5-fold by KL treatment in both experiments were 544, while those down-regulated at least 1.5-fold were 504. The complete list of up-and down-regulated genes is available in the first two files of the Supplementary data. The changes in spermatogonial gene expression pattern induced by KL appear to be relatively specific for this growth factor, since only 18% of these genes appeared to be regulated in a similar fashion also by treatment with Bmp4, and 12% also by treatment with ATRA (data available at http://www.ebi.ac.uk/arrayexpress with Accession No. E-MEXP-1126). One hundred and eighty-two of the KLup-regulated and 128 of the KL-down-regulated transcripts corresponded to EST sequences for genes with unknown functions (unclassified). We grouped the remaining 362 KL-up-regulated and 376 KL-down-regulated transcripts in several functional classes (see the first two files in the Supplementary data for description of the single genes). Validity of the data of microarray analysis was confirmed by performing semi-quantitative (RT-PCR) analysis for randomly selected transcripts on RNA preparations obtained from different cell preparations (Fig. 1) . After analysis of the encoded genes several interesting features emerged. We clustered the genes with similar functions and/or known developmental pattern of expression in the germ cell line in four main categories, which are summarized in Tables 1-4 (the indicated value of fold change is the average of the two separate experiments): (1) Cell cycle control; (2) Control of differentiation and meiotic entry; (3) Metabolism; (4) Growth factors, receptors, nucleic acid binding proteins and signal transducers.
Cell cycle control
Genes involved in cell cycle control up-or down-regulated by KL stimulation are reported in Table 1 . Within these genes, three functional groups can be identified, i.e., G1/S transition inhibitors and G2/M promoters, which are up-regulated, and G1/S promoters, which are downregulated. These data indicate that KL induces in kit expressing spermatogonia variations in their gene expression pattern, which might explain the occurrence of the qualitative changes in their mitotic cell cycle that have been previously described by pioneering autoradiographic studies by Monesi (Monesi, 1962) . He showed that the whole duration of the cell cycle is relatively constant, but the average DNA synthetic time (S phase) becomes progressively longer during the subsequent cell divisions from type A to type B spermatogonia, up to the last premeiotic DNA synthesis in pre-leptotene spermatocytes (Monesi, 1962) . On the contrary, the average post DNA-synthetic time (G2 phase) becomes progressively shorter during the subsequent cell divisions, and pre-leptotene spermatocytes enter the prophase of the first meiotic division shortly after the completion of the last round of DNA synthesis (Monesi, 1962) . The present analysis reveals that, in agreement with the progressive lengthening of the S phase, KL up-regulates the expression of several genes which antagonize or delay G1/S progression, and down-regulates expression of genes which promote or accelerate G1/S progression. At the same time, in agreement with the progressive shortening of the G2/M phase, KL up-regulates the expression of several genes which stimulate mitotic entry and completion of mitosis.
Control of differentiation and meiotic entry
Genes known as spermatogonial or meiotic markers are reported in Table 2 . Between these genes, three functional groups can be identified i.e., spermatogonial and late meiotic markers, which are down-regulated, and early meiotic markers, which are coordinately up-regulated.
These data indicate that stimulation by the soluble form of KL induces in kit expressing spermatogonia changes in their gene expression pattern compatible with the activation of their differentiative program culminating with entry into meiosis after the last round of DNA synthesis in preleptotene spermatocytes. Indeed, many genes known to be down-regulated in male germ cells at the onset of meiosis, actually decrease their expression following KL treatment, and, on the contrary, genes which are known markers of the early meiotic stages of spermatogenesis, or that start to be expressed from the lepto-zygotene stage onward, increase their expression after KL treatment.
The down-regulation of Gsk3b is interesting, since its homolog gene in Saccharomyces cerevisiae, Rim11p (regulator of inducer of meiosis), is pivotal for the control of meiosis entry in response to nutritional signals (RubinBejerano et al., 2004; Kassir et al., 2003) . Moreover, in vitro experiments have shown that Gsk3b inhibitors suppress DNA synthesis selectively in rat preleptotene spermatocytes, suggesting that Gsk3b might be required for the last round of DNA synthesis preceding meiosis (Guo et al., 2003) .
The up-regulation of Tbca is also interesting. The precise role of Tbca is still unknown, though findings on Rbl2p (its yeast homolog) suggest that it might play a role in meiosis: Rbl2p has been hypothesized to serve as a btubulin storage protein, and to intervene specifically along meiosis but not mitosis (Archer et al., 1995) .
Particularly intriguing is also the KL-mediated induction of the homeobox gene Lhx8, a gene highly expressed in the adult testis, in view of its possible role in regulation of spermatogonial differentiation into spermatocytes, downstream from spermatogenesis and oogenesis basic helix-loop-helix transcription factor 1 (Sohlh1) (Pangas et al., 2006; Ballow et al., 2006) .
KL influence also the expression of other genes whose homologs play a role in meiosis in other species, even though details about their expression during mammalian spermatogenesis are not yet available. For instance, two DSB repair enzymes Xrcc3 and Xrcc2 are up-regulated by KL treatment. The Arabidopsis and Drosophila homo- Fig. 1 . Representative RT-PCR analysis of RNA from KL-treated and untreated spermatogonia from 7-day-old mice, using specific oligonucleotide primers for 12 of the 115 KL-regulated genes described in the text and in Tables 1-4 . RT-PCR analysis was performed at least twice and provided similar results. The full list of the couples of oligonucleotide primers used for RT-PCR analysis of each gene transcript is shown in Section 2. Between parentheses, after the gene names, the average fold changes deduced from the two separate microarray analysis are reported.
logs of Xrcc3 play an essential role in meiosis (Bleuyard and White, 2004) , and Xrcc2 is known to be expressed at high levels in the mammalian testis, so a possible role in meiosis for this gene has been postulated (Cartwright et al., 1998) . A recent report indicates that Xrcc3 plays a role during meiotic events in the mammalian testis (Liu et al., 2007) .
The down-regulation of several genes considered to be markers of later stages of the meiotic prophase or of post-meiotic germ cells, but which are not expressed in early meiosis (i.e. in lepto-zygotene spermatocytes), is not conflict with the ''pro-meiotic'' action of KL in spermatogonia. Indeed, this might be explained if the main action of soluble form of KL is to induce an ''early meiotic'' phenotype, while inhibiting or delaying further progression of the meiotic prophase, which is actually known to be a lengthy process. Moreover, this would give a rational explanation to the previously reported inhibitory role exerted by the soluble form of KL in the relatively rapid transmeiotic progression of mouse germ cells in vitro (detected as expression of postmeiotic genes), which would be instead stimulated by transmembrane KL (Vincent et al., 1998 ).
Metabolism
KL treatment appears to down-regulate in spermatogonia several genes which are important in the control of several anabolic pathways and energy production (Table 3) (Cobb et al., 1997) . Localized in the nuclei of meiotic cells in C. elegans (Lee et al., 2001) 1434588_x_at 3.17 Tbca Tubulin cofactor a. Involved in beta-tubulin folding. Abundant in testis, it is progressively up-regulated from the onset of meiosis through spermiogenesis (Fanarraga et al., 1999) 1432386_a_at 2.51 Phf7 PHD finger protein 7, also called Nyd-sp6. A transcription factor highly expressed in the human testis, and absent in spermatocytic arrest (Xiao et al., 2002) . One of the most differentially expressed genes between spermatocytes and spermatogonia in mice (Rossi et al., 2004) NIMA-never in mitosis gene a-related expressed kinase 1. A kinase possibly involved early in the DNA damage response. In the testis is expressed at the beginning of the meiotic phase (Arama et al., 1998; Letwin et al., 1992 (Shao et al., 2001) Spermatogonial markers 1428639_at 0.58 Lin9 Required for the expression of the spermatogonial marker B-Myb (Latham et al., 1996; Pilkinton et al., 2007) 1422655_at 0.57 Ptch2 Patched homolog 2. A receptor for sonic hedgehog, expressed in spermatogonia, and at lower levels in spermatocytes (Szczepny et al., 2006) [no specific references are given for these genes, since description of their metabolic function can be found in the free databases at the link http://www.informatics.jax.org]. The KL-mediated down-regulation of the expression of several metabolic genes in spermatogonia is an. apparent paradox for the action of a growth factor, since these genes encode for proteins involved in nutrient transport (amino acids, oxygen, glucose), nucleotide and protein biosynthesis and energy production through the Krebs cycle and the respiratory chain. However, it is worthy to remind that starvation from nitrogen and carbon nutrient sources is the environmental signal which induces the switch from the mitotic to the meiotic cell cycle in yeast.
Indeed, in S. cerevisiae, nutritional signaling pathways converge on transcriptional activation of the Ime1 gene, which encodes a transcription factor that, in turn, triggers initiation of meiosis, by turning off the expression of genes required for the mitotic cell cycle, while activating the expression of other genes which are crucial for execution of the meiotic program (Kassir et al., 2003) . Thus, it is tempting to speculate that one of the effects of KL/kit interaction in differentiating spermatogonia is to establish progressively, during their mitotic divisions, a sort of endogenous state of nutritional stress, which might be the ancestrally inherited trigger for transcription of a master transcriptional regulator of meiosis. Testis-specific gene, whose transcription starts to accumulate in 8-day-old mouse germ cells (Sugihara et al., 1999) , and is detectable postnatally in all stages of meiotic prophase I except preleptonema and leptonema (Olesen et al., 2004) Late meiotic and post-meiotic markers 1434229_a_at 0.62 Polb DNA polymerase beta, a DNA repair enzyme in pachytene spermatocytes and post meiotic male mouse germ cells (Hirose et al., 1989) Myeloid/lymphoid or mixed lineage-leukemia translocation to 10 homolog), highly expressed in the testis in postmeiotic cells ( Linder et al., 1998) 
Growth factors, receptors, nucleic acid binding proteins and signal transducers
This wide category of genes is summarized in Table 4 [references are given only for genes playing a known or potential role in the spermatogenic process; in the other cases, references can be found in the free databases at the link http://www.informatics.jax.org].
An interesting information coming from this set of data is that KL, which is known as a mitogenic and survival factor for differentiating spermatogonia (Rossi et al., 1993; Dolci et al., 2001 ) up-regulates the expression of ligands and receptors of the Tnf superfamily that might be involved in regulating the number of germ cells entering the first wave of spermatogenesis, which is characterized by an early and massive wave of apoptosis in the spermatocyte compartment (Rodriguez et al., 1997) . The induction of Plzf, a known marker of spermatogonial stem cells (Buaas et al., 2004; Costoya et al., 2004) , is in apparent conflict with the above described pro-differentiative pattern of gene expression set up by KL treatment of spermatogonia. Indeed, Plzf is expressed in gonocytes, and in undifferentiated spermatogonia, but it is thought not to be expressed in kit positive spermatogonia in the adult testis (Oatley et al., 2006) . However, Plzf is co-expressed with kit in a subset of spermatogonial stem cells during the first wave of spermatogenesis (Naughton et al., 2006) . Moreover, recent data in our laboratory indicate that one of the mechanisms through which Plzf maintains the stem cell phenotype is the suppression of kit expression (Filipponi et al., 2007) . Thus, Plzf induction by KL in Plzf/kit co-expressing spermatogonia during the first wave of spermatogenesis might contribute to the definitive cessation of kit expression in these cells, which is required to establish the pool of spermatogonial stem cells in the adult testis (Naughton et al., 2006) . Another possibility is that a transient Plzf induction by KL in differentiating spermatogonia might contribute to the cessation of kit expression which is known to occur at the onset of meiosis (Sorrentino et al., 1991) . Finally, among the list of KL down-regulated genes encoding nucleic acid binding proteins, we noticed the gene encoding the RNA binding protein Rod1, which might be involved in the negative control of meiosis. Indeed, the Rod1 homolog gene in the fission yeast Schizosaccharomyces pombe [nrd1(+)] negatively regulates the onset of meiotic differentiation (its biological role is to block differentiation by repressing a subset of the Ste11-regulated genes, essential for conjugation and meiosis until the cells reach a critical level of nutrient starvation). Interestingly, mammalian Rod1 can complement yeast nrd1 defects (Yamamoto et al., 1999) .
Concluding remarks
One should consider that, in view of the fact that after 24 h of culture the difference in the percentage of apoptotic cells between KL-treated and. untreated cells is 17% vs. 38% (Dolci et al., 2001) , the possibility exists that changes of gene expression levels that we observed could be ascribed at least in part to variation of the relative content of live vs. apoptotic cells in KL-treated and untreated cells. Indeed, we did not perform treatments longer than 24 h, since the high rate of apoptosis in control cells would have impaired the significance of the changes in the pattern of (Jakel et al., 2006) . Strongly expressed in the mouse testis in cells at the periphery of seminiferous tubules (Steinmayr et al., 1998) 1427638_at 1.64 Zbtb16 (Plzf)
Transcription factor co-expressed with Oct4 in gonocytes and undifferentiated spermatogonia, whose knock-out causes stem cell depletion in the testis (Buaas et al., 2004; Costoya et al., 2004) Overall, the present study suggests that the soluble form of KL, beside being a positive regulator of cell divisions and survival in kit expressing type A spermatogonia, also modifies the characteristics of their cell cycle and stimulates their entry into the meiotic program. Even though further studies, extended at the post-transcriptional and proteome level, are required to fully evaluate the effects of KL stimulation in spermatogonia, this transcriptome analysis suggest that KL plays an important and direct role in male germ cell differentiation that leads to the establishment of spermatogenesis.
Experimental procedures

Isolation and culture of spermatogonia
Germ cell populations highly enriched in mitotic spermatogonia were obtained as previously described from testes of 7-day-old mice (Rossi et al., 1993; Pellegrini et al., 2003; Dolci et al., 2001; Rossi et al., 2004) . Briefly, germ cell suspensions were obtained by sequential collagenasehyaluronidase-trypsin digestions of freshly withdrawn testes. A 3 h period of culture in E-MEM additioned with 10% FCS was performed to facilitate adhesion of contaminating somatic cells to the plastic dishes. At the end of this pre-plating treatment, enriched mitotic germ cell suspensions were rinsed from FCS and incubated for 24 h in the presence or absence of 100 ng/ml soluble KL (R&D Systems, Minneapolis, MN), or 100 ng/ ml Bmp4 (R&D Systems, Minneapolis, MN), or 0.3 lM ATRA (Sigma Aldrich, Milan, Italy). Purity of 7 dpn spermatogonia was about 90% after the pre-plating treatment, and 95% after 24 h of culture. The homogeneity of the cell populations was assessed through both morphological criteria and by specific immunostaining with antibodies directed against three specific markers of mitotic germ cells, which are not expressed in testicular somatic cells (Smad5, Alk3 and kit), as described previously (Pellegrini et al., 2003) .
2.2. RNA extraction, cDNA and cRNA preparation Total RNA was extracted using TRIzol Reagent (Gibco), followed by clean up on RNeasy mini/midi columns (RNeasy Mini/Midi Kit, Qiagen). For each cell treatment (control, KL, Bmp4 and ATRA) two separate RNA pools were prepared, each of which was obtained from cell preparations from two separate cultures. Biotin-labelled cRNA targets were synthesized starting from 5 lg of total RNA. Double stranded cDNA synthesis was performed with GIBCO SuperScript Custom cDNA Synthesis Kit, and biotin-labelled antisense RNA was transcribed in vitro using Ambion's In Vitro Transcription System, including Bio-11-UTP and Bio-11-CTP (NEN Life Sciences, PerkinElmer Inc., Boston, Massachusetts, USA) in the reaction. All steps of the labelling protocol were performed as suggested by Affymetrix (http://www.affymetrix.com/support/ technical/manual/expression_manual.affx).
The size and the accuracy of quantitation of targets were checked by agarose gel electrophoresis of 2 lg aliquots, prior to and after fragmentation. After fragmentation, targets were diluted in hybridisation buffer at a concentration of 150 lg/ml.
DNA microarray hybridization
Hybridization mix for target dilution (100 mM MES, 1 M [Na+], 20 mM EDTA, 0.01% Tween 20) was prepared as indicated by Affymetrix, including pre-mixed biotin-labelled control oligo B2 and bioB, bioC, bioD and cre controls (Affymetrix cat #900299) at a final concentration of 50 pM, 1.5 pM, 5 pM, 25 pM and 100 pM, respectively. Targets were diluted in hybridization buffer at a concentration of 150 lg/ml and denatured at 99°C prior to introduction into the GeneChip cartridge. A single GeneChipMOE430 v2.0 was then hybridized with each biotin-labelled target. For each of the four experimental conditions tested (control, KL, Bmp4, ATRA), two GeneChipMOE430 v2.0 were used for a total number of 8 GeneChip arrays.
Hybridizations were performed for 16 h at 45°C in a rotisserie oven. GeneChip cartridges were washed and stained in the Affymetrix fluidics station following the EukGE-WS2 standard protocol (including Antibody Amplification), including the following steps: (1) (wash) 10 cycles of 2 mixes/cycle with Wash Buffer A (6X SSPE, 0.01% Tween 20) at 25°C; (2) (wash) 4 cycles of 15 mixes/cycle with Wash Buffer B (100 mM MES, 0.1 M [Na+], 0.01% Tween 20) at 50°C; (3) staining of the probe array for 10 min in SAPE solution (10 lg/mL SAPE in 100 mM MES, 1 M [Na+], 0.05% Tween 20, 2 mg/mL BSA) at 25°C; (4) (wash) 10 cycles of 4 mixes/cycle with Wash Buffer A at 25°C; (5) staining of the probe array for 10 min in antibody solution (Normal Goat IgG 0.1 mg/mL; (6) addition of the biotinylated antibody 3 lg/mL, 100 mM MES, 1 M [Na+], 0.05% Tween 20, 2 mg/mL BSA) at 25°C; (7) staining of the probe array for 10 min in SAPE solution at 25°C; (8) (final wash) 15 cycles of 4 mixes/cycle with Wash Buffer A at 30°C.
Scanning and bioinformatic analysis
Images were scanned using an Affymetrix GeneChip Scanner3000 7G, using default parameters. The resulting images were analysed using GeneChip Operating Software v1.2 (GCOS1.2).
''Absolute analysis'' was performed for each chip with GCOS1.2 software using default parameters, scaling signal intensity global trimmed mean of all images to a value of 500. Report files were extracted for each chip, and performance of labelled targets was evaluated on the basis of several values (scaling factor, background and noise values, % present calls, average signal value, etc.). Further data analysis was performed using both GenePicker, a proprietary software developed by Giacomo Finocchiaro and Heiko Muller (http://bioinformatics.oxfordjournals.org/ cgi/reprint/bth416v1) and GeneSpring GX v.7.3.1 (Agilent Technologies), a commercial software for analysis of microarrays data, with the following criteria.
GenePicker analysis
(1) Samples were compared two by two; signal intensity values from first condition were compared to signal intensity values from second condition, for each of the four conditions; (2) in addition signal intensities from single condition were used for regulated genes selection; (3) starting from the complete list of probesets represented on the GeneChip arrays, a fold change criteria was used to select probesets regulated; (4) transcripts showing both a regulation call from the GCOS algorithm (I or D for increase and decrease) and a fold change higher that the cutoff value were positively selected as being regulated. The cutoff value was set to 1.5. These list of regulated probesets, were furtherly refined by applying a statistical parametric test, with p-value cutoff set to 0.05 without multiple testing correction.
GeneSpring analysis
(1) Starting from the list of all the probesets represented on the GeneChipMOE430 v2.0, an initial selection was performed based on the ''Flag'' parameter generated by the GCOS software; (2) to avoid the selection of false positives, a reduction of transcripts included in the starting genelist was achieved, accordingly to the ''flag'' parameter associated with each transcript; (3) probesets showing a ''Present'' flag in both replicate of at least one experimental condition were included in the genelist, thus reducing the number of probesets (P in 2_2 either conditions); (4) starting from this genelist, each condition was compared to the others using normalized expression values and setting the fold change cutoff to 1.5, providing several genelists of regulated probesets. These list of regulated probesets, were further refined by applying a statistical parametric test, with variances not assumed to be equal (Welch t-test) and p-value cutoff set to 0.05 without multiple testing correction.
RT-PCR analysis
RT-PCR amplification of selected mRNAs (shown in Fig. 1 ), was performed by using specific oligonucleotide primers designed on the basis of the sequence of the corresponding Affymetrix target genes. Specificity of the primers was previously controlled through BLAST analysis (http:// www.ncbi.nlm.nih.gov/blast/). The full list of the primers used follows: 
